Case studies on correlation between VLF plasma waves and energetic electrons are presented based on data observed by EXOS-B satellite. The frequency range of the observed VLF plasma waves is from 150Hz to 9.5kHz, while the measured energy range of electrons is from 5eV to 11keV. Data observed on specific four passes (Revs. 185, 273, 284, and 588) are examined. Especially data on Rev. 284 are shown in detail because both the VLF waves and energetic electrons are observed continuously over more than 5hr on that orbit. It is shown that band-limited hiss and discrete VLF emissions below a local cyclotron frequency are well correlated with 1 to 10keV electrons.
Introduction
A Japanese satellite named EXOS-B was launched to investigate wave-particle interactions in the magnetosphere on September 16, 1978. Since then, much data on waves and particles have been accumulated even though they are mostly not simultaneously observed data. Description of the VLF receiver is given elsewhere by MATSUMOTO et al. (1981) and therefore is not given here. Instrumentation of particle energy analyzer is not given here either because it is given by Kuro et al. (1981) elsewhere. For a detailed correlation study between waves and particles, a great amount of data of simultaneous observations of waves and particles is necessary to be accumulated. However, not many simultaneous observations have been performed up to the present time (e. g., MOSIER and GURNETT, 1972; HOFFMAN and LAASPERE, 1972; GURNETT and FRANK, 1972; LAASPERE and HOFFMAN, 1976; ANDERSON and MAEDA, 1977) . In this paper, therefore, a case study on correlation between VLF plasma waves and energetic electrons is presented based on data observed on four specific orbits of Revolutions 185, 273, 284, and 588. Since a continuous observation of both waves and particles is available only on Rev. 284, a main emphasis is laid on the Rev. 284 data. All VLF waves shown in this paper 
Revolution 273
The orbit on Rev. 273 is shown in Fig. 6 . VLF wave spectra, L-value, local cyclotron frequency, geomagnetic latitude are shown in the top panel in Fig. 7 as a function of time. Corresponding electron fluxes are shown in a contour map in the middle panel in Fig. 7 . Sampled electron energy spactra are shown in the bottom panel. Both wave and electron spectra change drastically when the satellite crosses the plasmapause which is indicated on the top of the top panel by a solid triangular mark accompanied by "P". The plasmapause position is determined by a VLF Doppler measurement (KIMURA and HASHIMOTO, 1981) . Outside the plasmapause, high energy electron fluxes are enhanced compared with those observed inside the plasmapause.
Revolution 284
On Rev. 284, a continuous observation of both VLF waves and energetic electrons was made over more than 5hr. The orbit for Rev. 284 is shown in Fig. 8 . As seen in Fig. 8 , local time and geomagnetic latitude of the satellite are from 18h 20m LT to 23h 00m LT and from 35oS to 5oN, respectively. Plasmapause crossing took place twice on the orbit; outbound crossing at 8h 15m UT and inbound crossing around 11h UT. Therefore the L shell of the plasmapause lay around 5.5 to 5.2 in the evening to midnight sector on that day. The plasmapause position was again identified by a change of antenna impedance monitored by a VLF Doppler (DPL) measurement (KIMURA and HASHIMOTO, 1981) . Figure 9 shows a simultaneous presentation of both wave and electron spectra. The top panel shows a frequency spectrum of the VLF waves together with L values, local cyclotron frequency and geomagnetic latitude. As seen in the figure, outside the plasmapause, waves whose frequency is almost equal or a little below the local cyclotron frequency are dominating. In the middle panel, the observed electron fluxes are shown by a contour map in which darker area shows higher electron fluxes. The bottom panel shows sampled energy For a more detailed comparison between the VLF waves and electron energy spectra, detailed dynamic spectra of the VLF wave spectra are shown in Fig. 10 as (i) (j)
well as the electron energy spectra at every minute in Fig. 11 . Before 8h 10m UT, the electron energy spectra show an absence of high energy electrons above 500eV, while no wave activities are seen correspondingly during the period. After 8h 10m UT, the fluxes above 500eV increase and accordingly the wave activities become high as seen in Fig. 10 . In order to see more detailed one-to-one correspondence between the VLF waves and electron fluxes, three sets of 5min data of both wave dynamic spectra and time variation of flux at each channel of electron energy analyzer are given in Fig. 12 . Panel (a) shows that no VLF wave activity is seen when the electron fluxes at higher channels (1-7keV) are almost zero. Panels (b) and (c) show that the VLF emissions around or below the local cyclotron frequency (4 to 7kHz) are well correlated with electrons with energy from 4 to 7keV. Figure 13 shows the satellite orbit for Rev. 588. The apogee of the EXOS-B is located in the northern hemisphere at that time. In the orbit, the observation was made in a local late-afternoon from 14h LT to 20h LT. A corresponding comparative display of waves and particles is given in Fig. 14 . On the orbit, the VLF wave activity was rather low and correspondingly the electron energy fluxes at high energy above 100eV are also low throughout the orbit.
Revolution 588

Discussion
Data of simultaneous observations of both VLF wave spectra and energetic electrons have been presented for four orbits (Revs. 185, 273, 284, and 588) . Even though the data are not much enough to reach some definite conclusion, they are enough to give case studies of correlation between observed type of VLF emissions and energetic electrons in a range of 5eV to 11keV. Since the characteristics of VLF We would like to express our thanks to Profs. T. Obayashi, H. Oya, and N. Kawashima for their supervision of the EXOS-B project. A great deal of effort in developing computer software for data taking was provided by Drs. H. Iwakura, S. Saito, and S. Miyatake of University of Electrocommunication.
Some of the wave data were analyzed at the National Institute of Polar Research. Digital data are mostly processed at the Data Processing Center of Kyoto University.
